Post-Traumatic Stress Disorder and Cardiovascular Diseases: A Cohort Study of Men and Women Involved in Cleaning the Debris of the World Trade Center Complex by Remsch, Molly et al.
City University of New York (CUNY) 
CUNY Academic Works 
Publications and Research Queens College 
2018 
Post-Traumatic Stress Disorder and Cardiovascular Diseases: A 
Cohort Study of Men and Women Involved in Cleaning the Debris 
of the World Trade Center Complex 
Molly Remsch 
CUNY Queens College 
Zoey Laskaris 
CUNY Queens College 
Janine D. Flory 




CUNY Queens College 
How does access to this work benefit you? Let us know! 
More information about this work at: https://academicworks.cuny.edu/qc_pubs/275 
Discover additional works at: https://academicworks.cuny.edu 
This work is made publicly available by the City University of New York (CUNY). 
Contact: AcademicWorks@cuny.edu 
Awaleen June 1, 2018 5:37 PM 4 Color Fig(s): F1,3-4 Art:HCQ004572
<zjs;Original Article> • <zjss;10058,10062,10065,10073> • <zdoi;10.1161/CIRCOUTCOMES.117.004572>
Circ Cardiovasc Qual Outcomes. 2018;11:e004572. DOI: 10.1161/CIRCOUTCOMES.117.004572 June 2018 1
Circ Cardiovasc Qual Outcomes
BACKGROUND: To determine whether post-traumatic stress disorder 
(PTSD) is a risk factor for myocardial infarction (MI) and stroke, beyond 
the expected effects from recognized cardiovascular risk factors and 
depression.
METHODS AND RESULTS: World Trade Center-Heart is an observational 
prospective cohort study of 6481 blue-collar first responders nested 
within the World Trade Center Health Program in New York City. 
Baseline measures in 2012 and 2013 included blood pressure, weight 
and height, and blood lipids. PTSD, depression, smoking, and dust 
exposure during the 2001 cleanup were self-reported. During the 
4-year follow-up, outcomes were assessed through (1) interview-based 
incident, nonfatal MI, and stroke, validated in medical charts (n=118); 
and (2) hospitalizations for MI and stroke for New York city and state 
residents (n=180). Prevalence of PTSD was 19.9% in men and 25.9% in 
women, that is, at least twice that of the general population. Cumulative 
incidence of MI or stroke was consistently larger for men or women with 
PTSD across follow-up. Adjusted hazard ratios (HRs) were 2.22 (95% 
confidence interval [CI], 1.30–3.82) for MI and 2.51 (95% CI, 1.39–4.57) 
for stroke. For pooled MI and stroke, adjusted HRs were 2.35 (95% CI, 
1.57–3.52) in all and 1.88 (95% CI, 1.01–3.49) in men free of depression. 
Using hospitalization registry data, adjusted HRs were 2.17 (95% CI, 
1.41–3.32) for MI; 3.01 (95% CI, 1.84–4.93) for stroke; and for pooled 
MI and stroke, the adjusted HR was 2.40 (95% CI, 1.73–3.34) in all, HR 
was 2.44 (95% CI, 1.05–5.55) in women, and adjusted HR was 2.27 
(95% CI, 1.41–3.67) in men free of depression. World Trade Center dust 
exposure had no effect.
CONCLUSIONS: This cohort study confirms that PTSD is a risk factor for 
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This is the first report from World Trade Center (WTC)-Heart—a cohort study specifically designed to assess the association between early response 
to the WTC September 11 attack and cardiovascular 
outcomes. WTC-Heart comprises blue-collar workers 
who were involved in the cleaning of the debris of the 
WTC complex during the months immediately after the 
attack. The cohort offers the ability to assess whether 
post-traumatic stress disorder (PTSD) is involved in car-
diovascular disease (CVD) incidence because of 3 cohort 
characteristics: (1) it underwent the same, extraordinary 
traumatic event at a discrete point in time and suffers 
from an excess burden of PTSD symptoms at least twice 
that of the general population1,2; (2) being nested within 
a long-term program offering free care to first respond-
ers, can explore long-term risk 11 to 15 years after the 
event; and (3) because first responders were on average 
in their forties in 2001, it is a relatively young cohort in 
which CVDs would be expected to be rare if it was not 
because of this unique exposure to the psychologically 
and environmentally traumatic event in 2001.
PTSD—a syndrome characterized by re-experiencing 
the traumatic exposure, avoidance of reminders, hyper-
arousal, and negative mood and cognitions, highly prev-
alent among WTC responders3—has been consistently 
shown to be an independent risk factor for incident 
myocardial infarction (MI) or stroke in cohort studies.4–10 
Previous reports from a different WTC cohort have relat-
ed psychological stress to heart diseases among people 
who worked at or were living in the vicinity of Ground 
Zero in 2001 to 2002.11,12 However, despite the wealth 
of evidence, PTSD is still not recognized as a risk factor 
for CVD because available studies are all affected by 1 
or several limitations, such as self-report of established 
CVD risk factors (eg, lipids, blood pressure, weight, and 
height), self-reported CVD events, exclusively male or 
female cohorts, or nonadjustment for depression. In 
contrast, in WTC-Heart, CVD risk factors were mea-
sured in a standardized fashion, and incident cases of 
MI and stroke were assessed using an active follow-up, 
including personal interviews and validation of events 
in medical charts simultaneously in men and women.
METHODS
The data, analytic methods, and study materials will not be 
automatically made available to other researchers for pur-
poses of reproducing the results or replicating the proce-
dure. The cohort is nested within the WTC Health Program 
(WTCHP), and authorization will have to be obtained from 
the WTCHP too.
WTC-Heart is a prospective, fixed cohort of 6481 WTC 
first responders involved in cleaning up the debris of the WTC 
complex in New York City in 2001 and 2002 and recruited 
within the WTCHP. Active follow-up for incident and recur-
rent CVD was conducted from January 2012 until June 2016, 
remotely via e-mail, mail, and phone interviews in English, 
Spanish, and Polish. The cohort was also linked with the New 
York state hospitalization database, SPARCS.
The cohort was recruited from 2 WTCHP sites (ie, the Icahn 
School of Medicine at Mount Sinai or North Shore Long Island 
Jewish Hospital) in New York City. The WTCHP, established 
in 2002, comprises nonfirefighter workers and volunteers 
engaged in rescue, recovery, restoration of services, cleanup, 
or other support work on or after September 11. These first 
responders were eligible in the WTCHP if they had worked 
for ≥4 hours on September 11 to 14, 2001, ≥24 hours dur-
ing the month of September 2001, or ≥80 hours total during 
the period of October through December 2001.13 Also eligible 
were employees of the Office of the Chief Medical Examiner 
who processed human remains, of the Port Authority Trans-
Hudson Corporation who participated in the cleanup efforts 
for ≥24 hours from February to July 2002, and workers who 
drove, repaired, cleaned, or maintained vehicles that handled 
WTC debris for at least 1 day between September 11, 2001, 
and July 31, 2002.14
Sample
The cohort is a consecutive sample of 6481 women and 
men attending one of their ≤10th annual clinical visits at the 
WTCHP between January 2012 and June 2013 (baseline). 
Annual visits are not necessarily associated with medical 
problems requiring care. Informed consent was provided on 
the day of recruitment, in English, Spanish, and Polish. The 
Queens College Institutional Review Board and those of the 2 
recruitment sites approved the WTC-Heart protocol.
Exposures
Recognized cardiovascular risk factors comprised: (1) stan-




• Post-traumatic stress disorder has been consis-
tently shown to be an independent risk factor for 
incident myocardial infarction or stroke in cohort 
studies.
• However, despite the wealth of evidence, post-
traumatic stress disorder is still not recognized as 
a risk factor for cardiovascular disease because 
available studies are all affected by 1 or several 
limitations.
WHAT THE STUDY ADDS
• World Trade Center-Heart offers unique and 
strong evidence that World Trade Center attack–
related post-traumatic stress disorder is a risk fac-
tor for myocardial infarction and stroke, in men 
and women, and independent of recognized car-
diovascular risk factors and depression.
• Because of its methodological strength (ie, active 
follow-up, medical chart validation, and adjust-
ment for depression), this study validates previous 
reports of exclusively male or female cohorts.
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(eg, 12.2) after sitting down; (2) a comprehensive smok-
ing history; (3) body weight and height measured in lightly 
dressed subjects; and (4) blood lipids: total cholesterol, low-
density lipoprotein, and triglycerides. Clinical personnel were 
trained specifically for this study and provided identical, new 
instruments (scales, sphygmomanometers). Baseline mental 
health symptoms included the PTSD checklist PCL-C (civilian) 
for DSM-IV,15 with a specific preamble relating the answers to 
the participation in the WTC cleanup. The cutoff for probable 
PTSD was ≥44 points as recommended given the prevalence 
of PTSD in the cohort.16 Possible depression was defined as a 
score of ≥10 (in a range of 0–27) on the 9 questions of the 
Patient Health Questionnaire-9.17
In a detailed questionnaire, each participant indicated: (1) 
which day on or after September 11 they began working on 
the WTC complex; (2) whether they were directly in the cloud 
of dust (or blackout) from the collapse of the WTC buildings 
or not; (3) whether their work was adjacent or on the pile 
or pit, terms that referred to the former location of the twin 
towers of the WTC complex; and (4) whether they wore a 
protective mask.18
Active Follow-Up
Attempts were made to contact every participant once a 
year from the 2012 baseline to June 2016. At each annual 
contact, incident cardiac and incident neurological events 
were reported in a standardized, self-administered survey 
in English, Spanish, and Polish either online, by mail, or by 
telephone. In case of death reported by a relative or by the 
WTCHP, a questionnaire and request of death certificate was 
mailed to either relatives or healthcare provider.
Outcomes
All self-reported CV events on the follow-up forms, includ-
ing positive report of cardiac symptoms, MI, neurological 
symptoms, or stroke, were tentatively confirmed by specific 
additional personal interviews conducted by phone by trained 
interviewers in English, Spanish, or Polish. Determination of 
incident and recurrent cardiovascular outcomes in medical 
charts was performed by a blinded adjudicating panel com-
prising the principal investigator (A.M.) and a senior research 
worker (C.M.-M.) with 24 years of experience adjudicating 
acute MI and stroke in several large population-based studies. 
An MI was confirmed in the presence of typical symptoms, 
EKG signs, troponin, and enzymatic movement. A stroke or 
a transient ischemic attack was confirmed in the presence of 
typical symptoms and medical imaging or sonographic signs.
From January 1, 2012, through December 31, 2016, (the 
latest year available) all WTC-Heart participants were elec-
tronically linked to New York State Department of Health 
SPARCS program, which includes diagnoses and dates for all 
patients discharged from acute care hospitals, excluding psy-
chiatric and federal hospitals. The coding of discharge diag-
noses may not be accurate, but the degree of inaccuracy is 
likely to be homogeneous across the cohort. Matched records 
had identical key identifying information, such as name, date 
of birth, last 4 digits of the social security number, or address. 
Analyses were restricted to the 5484 New York city or state 
residents. We used, for MI, International Classification of 
Diseases, Ninth Revision codes 410 to 411 and International 
Classification of Diseases, Tenth Revision codes I21-I22, and 
for stroke, International Classification of Diseases, Ninth 
Revision codes 430 to 432 and International Classification 
of Diseases, Tenth Revision codes I60-I63. For the follow-up 
years 2012 through 2016, 180 WTC-Heart study participants 
were identified in the SPARCS database as having been hospi-
talized with a discharge diagnosis of MI or stroke.
Statistical Analysis
Kaplan-Meier survival analysis was used to plot the cumula-
tive incidence of MIs and stroke. Cox proportional hazards 
models were used to estimate adjusted hazard ratios (aHRs) 
and 95% confidence intervals (CIs) of MI or stroke, adjusted 
for use of a respirator and for recognized cardiovascular risk 
factors: age, blood pressure, total cholesterol, body mass 
index, tobacco use, and, when relevant, sex. Firth procedure 
was applied to improve aHR and CI estimates from Cox pro-
portional hazard models with small sample sizes and few 
measured outcome events.19
Because PTSD may have increased weight gain, tobacco 
use, blood pressure, and possibly cholesterol after the 2001 to 
2002 trauma, resulting in these factors being on the pathway 
to MI and stroke and biasing the hazard ratios (HRs) toward 
the null, we present primary analyses both age adjusted and, 
when sample size allows, adjusted for all these factors.
Time of event was retrieved from the participant’s inter-
view or SPARCS records. For event-free participants censoring 
for interview-based incident, events occurred at the date of 
completion of the most recent annual survey, or, for SPARCS-
derived events, on December 31, 2016—the last date of 
available SPARCS data. Analyses of postbaseline, incident 
outcomes were, therefore, repeated including and excluding 
MIs and strokes recurring during follow-up among subjects 
who already had an MI or stroke before 2012. We report 
the analysis including all cases in the article for 4 reasons: 
(1) because this cohort had a mean age of 51 years in 2012, 
all cardiovascular events occurred after 2001; (2) PTSD is a 
chronic disease, most likely secondary to 2001, for which it is 
difficult to set an exact date of onset; (3) these middle aged 
subjects who had cardiovascular events before baseline were 
subjects at the highest risk in the cohort and excluding them 
would also introduce selection bias; (4) removing 35 recurrent 
cases did not alter the statistical power for the full analysis 
(as shown in the article) but left thin data for the sex- and 
disease-specific analyses. Thus, subjects who had had pre-
baseline cardiovascular events were excluded for some of the 
exploratory full sample analyses but kept in all other analyses, 
with only the postbaseline events going into the numerator of 
the hazard rates and risks.
MI and stroke were analyzed both separately and pooled 
as a single outcome (MI/stroke) because separate analyses of 
self-reported MI and stroke, provided in an appendix, yielded 
associations of consistent magnitudes. Similarly, men and 
women were analyzed estimating both separate and pooled 
sex-adjusted HRs. The number of female cases (9 MIs, 7 
strokes, and 22 hospitalizations for MI or stroke) precluded 
statistical power for most analyses, but, as shown in the 
appendix, the magnitude of the associations was remarkably 
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HRs. The participants who had both MI and stroke were ana-
lyzed as per the first of the 2 outcomes in the analyses pool-
ing MI and stroke.
Because PTSD and depression are highly correlated, the 
analyses for pooled MI and stroke adjusted for recognized 
cardiovascular risk factors were repeated among 4120 non-
depressed men (the number of female cases was too small to 
perform sex-adjusted analyses), after exclusion of men having 
either depression only (n=97), depression and PTSD (n=477), 
or missing depression data (n=248).
RESULTS
The sociodemographic, cardiovascular, and mental 
characteristics of the WTC-Heart cohort were similar 
to those of the whole WTCHP in which it was nested 
(Table I in the Data Supplement). As of July 1, 2016, 
510 participants (7.9%) had no follow-up information. 
The analyses are, therefore, based on 4942 men and 
1029 women (n=5971).
Baseline (2012–2013) Characteristics
Mean age was 51.3 years in men and 51.1 years in 
women. The cohort was 82.8% men, 54.1% white, 
and 25.4% lower than college education. The Table 
shows these characteristics by sex. Prevalence of PTSD 
was 19.9% in men and 25.9% in women.
Recognized Cardiovascular Risk Factors 
and Dust
Figure 1 and Table II in the Data Supplement show cur-
rent smoking standing out—besides PTSD not shown 
in Figure 1—as the main recognized risk determinant 
of incident (including recurrent) pooled MI and stroke, 
after adjustment for other cardiovascular risk factors 
and PTSD. Specific results for MI or stroke are shown 
in Tables III and IV in the Data Supplement. Moreover, 
resting heart rate per minute at baseline was, respec-
tively, for those without and with PTSD, 68.9 and 70.8 
in men and 69.5 and 69.9 in women (not shown in a 
table).
None of the variables differently expressing the 
timing or intensity of exposure to the WTC dust and 
dust cloud were independently associated with sub-
sequent MI or stroke in these analyses (Table V in the 
Data Supplement). Donning of a protective mask was 
deemed the closest approximation of the amount of 
dust inhaled and was adjusted for in all multivariate 
analyses (Figure 1).
Cumulative Risk of CVD by PTSD
By June 30, 2016, reported cases were 70 MIs, of which 
20 were recurrent, and 53 strokes, of which 15 were 
recurrent. Figure 2 shows the cumulative risks of MI and 
stroke for the whole sample by PTSD status. The curves 
diverge early, divergence increases over time, with sta-




Table. Baseline Characteristics of Men and Women Comprising  




n %* n %†
Total  4942 100 1029 100
Race White 2857 57.8 372 36.2
Black 669 13.5 240 23.3
Missing 1141 23.1 348 33.8
Ethnicity Hispanic 1338 27.1 432 42.0
Missing 96 1.9 19 1.9
Responder Trained 2077 42.0 424 41.2
Nontraditional 2359 47.7 517 50.2
Missing 506 10.2 88 8.6
Smoking Never 2688 54.4 611 59.4
Current 351 7.1 64 6.2
Former 1383 28.0 240 23.2




Donned 4334 87.7 825 80.1
Missing 99 2.0 23 2.2
Blood pressure High (systolic >140 
or diastolic >90 
mm Hg)
1098 22.2 124 12.1
Missing 143 2.9 47 4.6
Total cholesterol High  
(>6.2 mmol/L)
517 10.5 146 14.2
Missing NA NA NA NA
HDL Low (men, <1 
mmol/L; women, 
<1.3 mmol/L)
1069 21.6 527 51.2
Missing 608 12.3 115 11.2
BMI Normal  
(<25 kg/m3)
458 9.3 258 25.1
Overweight  
(25–29.9 kg/m2)
2012 40.7 382 37.1
Obese (30+ kg/m2) 2472 50.0 389 37.8
Missing NA NA NA NA
PTSD Yes 984 19.9 266 25.9
Missing NA NA NA NA
Depression Yes 574 11.6 185 18.0
Missing 248 5.0 59 5.7
Menopause Yes … … 420 40.8
Missing … … 2 0.2
Education College graduates 1319 26.7 379 36.8
Missing 570 11.5 112 10.9
BMI indicates body mass index; HDL, high-density lipoprotein; NA, not 
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curves for MI or stroke by sex are shown in Figures I 
through IV in the Data Supplement.
Multivariable Analysis
In Figure  3 and Table VI in the Data Supplement the 
aHRs of PTSD were 2.22 (95% CI, 1.30–3.82) for 70 
MIs, 2.51 (95% CI, 1.39–4.57) for 53 strokes, 2.35 
(95% CI, 1.57–3.52) for 118 incident (including recur-
rent) pooled MI and stroke, and (not shown in a table 
or figure) 2.24 (95% CI, 1.39–3.63) for 83 incident 
(excluding recurrent) pooled MI and stroke. Five sub-
jects had both MI and stroke. Specific results by sex and 
outcomes are provided in Table VI in the Data Supple-
ment. In women, the estimated HRs for MI, stroke, 
and pooled MI and stroke were consistent with those 
observed among men.
Misclassification of Outcomes
Access to medical charts to validate the interview-based 
diagnosis was similar in cohort participants with (60%) 
and without PTSD (62%). The confirmation fraction 
was also similar across groups for stroke. However, for 
MIs, it was smaller for PTSD (47%) than for non-PTSD 
cases (74%). Such source of differential misclassifica-
F3
Figure 1. Adjusted* hazard ratios (aHRs) of pooled incident (including recurrent) myocardial infarctions and strokes and recognized risk factors in 
the World Trade Center-Heart cohort (n=5971)—New York, 2012 to 2016. 
*Adjusted for use of a respirator and for recognized cardiovascular risk factors: age, blood pressure, total cholesterol, body mass index (BMI), tobacco use, and, 
when relevant, sex.
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tion could spuriously strengthen the observed associa-
tions. We, therefore, repeated the analyses using dis-
charge diagnoses for hospitalization in New York State 
for MI or stroke as outcomes—a measure independent 
of participant reports.
Hospitalization for MI or Stroke
These analyses were restricted to New York city or 
state residents (n=5484). All incident MI and strokes 
identified in interviews, whether confirmed or not in 
medical charts, were present in the SPARCS database. 
In contrast, 49 events (19 among subjects with PTSD 
and 30 among subjects without PTSD) were recorded in 
SPARCS but had been missed by the active follow-up. 
As shown in Figure 4 and Table VII in the Data Supple-
ment for hospitalizations for MI or stroke in New York, 
aHRs were 2.17 (95% CI, 1.41–3.32) for 112 MIs, 3.01 
(95% CI, 1.84–4.93) for 77 strokes, and 2.40 (95% 
CI, 1.73–3.34) for pooled 180. Nine subjects had been 
hospitalized for both MI and stroke. The association 
of PTSD and hospitalization for pooled MI and stroke 
adjusted for age only was statistically significant among 
women too (HR, 2.44; 95% CI, 1.05–5.55).
Of note, of the 415 lost to active follow-up, 228 
(54.9%) had a record in SPARCS between January 2012 
and December 2016. Of these 228, 4 had had an MI or 
a stroke, that is, 1.8% (95% CI, 0.0–3.5). This cumula-
tive incidence of hospitalizations for MI or stroke in the 
lost to follow-up is of the same order of magnitude as 
that of 2.8% observed in the full cohort of (123/5971) 
during the same period.
Control of Depression
In the full cohort, there were 6 cases of MI or stroke in 
men with depression but no PTSD and 29 cases of MI or 
stroke in men with both depression and PTSD. Among 
men free of depression, the crude (not shown in the 
figures), age-adjusted, and multivariate (shown in Fig-
ures 3 and 4) HRs of MI or stroke were, respectively, 
1.94 (95% CI, 1.07–3.50), 2.19 (95% CI, 1.21–3.95), 
and 1.88 (95% CI, 1.01–3.49) for incidence and 1.93 
(95% CI, 1.19–3.02), 2.41 (95% CI, 1.49–3.75), and 
2.27 (95% CI, 1.41–3.67) for hospitalization.
Mortality
There were 43 deaths identified in the cohort, of which 
3 were from CVDs, 18 from other causes, and 22 from 
unknown causes.
PCL Score
When using the continuous PCL-C score instead of the 
dichotomized PTSD variable, the aHR of pooled MI or 
F4
Figure 2. Cumulative risk of pooled incident 
(including recurrent) myocardial infarc-
tions and strokes by post-traumatic stress 
disorder (PTSD) status in the World Trade 
Center-Heart cohort (n=5971)—New York, 
2012 to 2016.  
MI indicates myocardial infarction.
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stroke for each SD increase in PCL score was identical 
for both incident events and for hospitalizations: 1.58 
(95% CI, 1.35–1.84) including recurrent cases and 1.36 
(95% CI, 1.17–1.95) excluding recurrent cases.
DISCUSSION
After 4 years of active follow-up of WTC-Heart, PTSD 
comes out as a strong, independent determinant of 
MI and stroke, in both men and women, before and 
after controlling for recognized use of a respirator 
during cleanup of debris, cardiovascular risk factors, 
and depression. Consistent HRs were observed when 
restricting the analyses to discharge diagnoses of MI 
and stroke derived from linkage to a New York hospital 
registry and, therefore, independent of patient reports.
Because of its methodological strength (ie, active 
follow-up, medical chart validation, and adjustment 
for depression), this study validates previous reports 
of exclusively male or female cohorts4,5 and those of 
the WTC-Registry reports.11,12 The independence of the 
PTSD and MI or stroke association from depression is 
consistent with most4 but not all reports.20,21
PSTD and CVD in Women
The associations with PTSD were in the same order of 
magnitude for men and women, and, specifically, the 
association of PTSD and hospitalization for pooled MI 
and stroke was statistically significant in both sexes. Of 
the 3 previous cohort studies that examined women, 2 
had only women,7,10 and 1 lacked measured conven-
tional cardiovascular risk factors.11,12 The average ages 
of women at baseline in these 3 cohorts were 44.4,7 
34,10 and 32 years,12 whereas women in WTC-Heart 
were 51.1 years of age at baseline. Thus, the present 
AQ15
AQ16
Figure 3. Age-adjusted hazard ratio (HR) and adjusted* HR (aHR) for post-traumatic stress disorder (PTSD) and pooled incident (including recurrent) 
myocardial infarctions and strokes in the World Trade Center-Heart cohort (n=5971)—New York, 2012 to 2016.  
*Adjusted for use of a respirator and for recognized cardiovascular risk factors: age, blood pressure, total cholesterol, body mass index, tobacco use, and, when 
relevant, sex. MI indicates myocardial infarction.
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results add qualitatively to the evidence indicating that 
PTSD before menopause increases women’s long-term 
risk of MI and stroke.22
Biological Plausibility
PTSD is a polythetic disorder consisting of clusters 
of symptoms potentially impacting cardiometabolic 
risk.23,24 For example, PTSD may develop and persist 
because of fear manifested by nightmares, intense 
emotional and physiological re-experiencing of the 
trauma, active avoidance of cues or reminders of the 
trauma, and exaggerated startle response to threat.25 
Another cluster groups symptoms evoking major 
depression, such as anhedonia, detachment, restricted 
affect, sleep difficulty, and failing concentration.26–28 In 
humans, the stress associated with these PTSD dimen-
sions may upregulate amygdalar activity, activating 
both the sympathetic nervous system, releasing inflam-
matory cells from the bone marrow, and leading to 
atherosclerotic inflammation, MI, and stroke.29–36 The 
similar effect sizes in this study suggest similar mecha-
nisms relating PTSD and incident MI or stroke in men 
and women.37
Recognized Cardiovascular Risk Factors
Current smoking was the only recognized cardiovascu-
lar risk determinant in this cohort. Blood lipids, blood 
pressure, and body mass were not associated with MI 
or stroke. These recognized risk factors may play a role 
for individual cohort members, but they do not discrim-
inate cardiovascular risk in this homogeneous cohort of 
blue-collar workers.
Because PTSD is more prevalent in this cohort 
(20.9%) than current smoking (7.1%) for aHRs of a 
similar magnitude of 2, ≈3× more cardiovascular cases 
are attributable to PTSD than to current smoking.
Figure 4. Age-adjusted hazard ratio (HR) and adjusted* HR (aHR) for post-traumatic stress disorder (PTSD) and hospitalizations for pooled (including 
recurrent) myocardial infarctions and strokes in the World Trade Center-Heart cohort (n=5484)—New York, 2012 to 2016.  
*Adjusted for use of a respirator and for recognized cardiovascular risk factors: age, blood pressure, total cholesterol, body mass index, tobacco use, and, when 
relevant, sex. MI indicates myocardial infarction.
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Dust Exposure
None of the variables expressing exposure to the WTC 
dust, such as the timing and intensity of exposure to 
the dust cloud or the donning of a protective mask, 
were independently associated with subsequent MI or 
stroke in these analyses.
Limitations
The exposure severity and cardiovascular profile of the 
subcohort of survivors enrolled in the WTC-Heart sub-
jects may not be representative of the estimated 90 000 
individuals who originally responded to the Septem-
ber 11 disaster (Figure 5). However, given the homoge-
neity of the cohort of blue-collar worker in terms of 
cardiovascular risk, the selection process is unlikely to 
have biased the risk comparison among the enrollees 
between those who developed PTSD and those who 
did not. Moreover, the small losses to follow-up (7.9%) 
offer some protection against selection bias, in particu-
lar because we could establish that (1) the proportion 
of lost to follow-up was identical in men (7.9%) and 
women (7.7%), (2) the subjects lost to follow-up had a 
similar cardiovascular risk profile as those who remained 
in the cohort (Table VIII in the Data Supplement), and 
(3) the cumulative risk of MI and stroke for more than 
half of those who were never contacted after baseline 
but had a record in the New York State SPARCS pro-
gram was of the same order of magnitude as the risk of 
the rest of the cohort.
We were not able to obtain the causes of death for 
22 participants and do not know which proportion of 
the lost to follow-up died of CVDs. Incorporating car-
diovascular deaths could have attenuated or exacerbat-
ed the present findings. However, the small number of 
cardiovascular deaths expected given the age distribu-
tion of the cohort is unlikely to have qualitatively modi-
fied the cumulative risks of events, which progressively 
diverged over time between participants with and with-
out PTSD (Figure 2).
Also, because participants were sampled consecu-
tively among subjects attending the WTCHP either 
for their annual visit or for health problems, we may 
have included people visiting the clinic more frequently 
because of poorer health problems than those only 
visiting the clinic once per year. However, as shown 
in Table I in the Data Supplement, the demographics 
of WTC-Heart were virtually identical to those of the 
whole WTCHP in which it was nested. Prevalences of 
PSTD in WTC-Heart were almost identical to those pub-
lished for the whole WTCHP.38
Additional limitations include a self-report of PTSD 
based on the PCL-C questionnaire, residual confound-
ing from self-report of depression based on the Patient 
Health Questionnaire-9 and recall of respirator use and 
exposure to the dust cloud, and the lack of assessment 
of potential biological mediators and unmeasured con-
founding (eg, prior trauma) of the association between 
PTSD and MI/stroke. However, similar baseline heart 
rate for those with and without PTSD spoke against 
specific protective factor against PTSD in a subgroup 
of the cohort.
Strengths
Because WTC-Heart is nested within the health program 
(ie, WTCHP) begun 1 year after the attack and currently 
providing lifetime free medical care for WTC-related 
medical conditions to first responders, the cohort study 
had a unique opportunity to recruit exposed workers 
11 to 15 years after September 11 as they entered ages 
at which incidence of CVD increases rapidly and follow 
them up for 4 years with small losses (7.9%).
In agreement with previous WTC reports,3 preva-
lence of PTSD in this cohort comprising a majority of 
nontrained responders was more than twice of that in 
the general population. This excess prevalence of PTSD 
provided statistical power to study the association of 
F5
AQ17
Figure 5. Flowchart and timeline of the World Trade Center (WTC) 
Health Program (WTCHP) and of WTC-Heart, 2001 to 2016.
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PTSD and cardiovascular outcomes in both sexes. The 
young age of the cohort participants, associated with 
low rates of MI or stroke, negatively affected statistical 
power but allowed us to reasonably assume that few 
cases were missed during the 2001 to 2012 period. The 
young age may also have facilitated singling out the 
effect of PTSD for lack of competing causes.
In terms of validity and confounding controls, analy-
ses were performed before and after adjustment for 
measured recognized cardiovascular risk factors; in 
men, the association was observed in the subgroup free 
of depression; interview-based outcomes were tenta-
tively confirmed in medical charts; findings for inter-
view-based diagnoses of incident MIs and stroke were 
reproduced after linkage to hospitalization records.
Conclusions
Because of its design, this cohort study offers unique 
and strong evidence that WTC attack–related PTSD is a 
risk factor for MI and stroke, in men and women, and 
independently of recognized cardiovascular risk factors 
and depression.
ARTICLE INFORMATION
Received January 10, 2018; accepted May 17, 2018.
The Data Supplement is available at http://circoutcomes.ahajournals.org/
lookup/suppl/doi:10.1161/CIRCOUTCOMES.117.004572/-/DC1.
Correspondence
Alfredo Morabia, MD, Department of Epidemiology, Mailman School of Public 
Health, Columbia University, W 168th St, New York, NY 10032. E-mail am52@
cumc.columbia.edu
Affiliations
Barry Commoner Center, Queens College, City University of New York (M.R., 
Z.L., A.M.). University of North Carolina Gillings School Of Global Public Health, 
Chapel Hill (M.R.). University of Michigan School of Public Health, Epidemiology, 
Ann Arbor (Z.L.). James J. Peters VAMC, Bronx, NY (J.F.). Department of Psychia-
try, Icahn Mount Sinai School of Medicine, NY (J.F.). Department of Epidemiol-
ogy, Mailman School of Public Health, Columbia University, NY (C.M.-M., A.M.).
Acknowledgments
We thank Yan Guo for her help with database management and data analyses.
Sources of Funding
This study was supported by grants 939ZLZB 2526 2011 75-11-0946 (Dr Mora-
bia), from September 26, 2011, to September 25, 2014, Center for Disease 
Control/NIOSH, and 5U01OH010722-02 (Dr Morabia), from July 1, 2014, to 





 1. Kessler RC, Chiu WT, Demler O, Merikangas KR, Walters EE. Prevalence, 
severity, and comorbidity of 12-month DSM-IV disorders in the National 
Comorbidity Survey Replication. Arch Gen Psychiatry. 2005;62:617–627. 
doi: 10.1001/archpsyc.62.6.617.
 2. Schlenger WE, Caddell JM, Ebert L, Jordan BK, Rourke KM, Wilson D, 
Thalji L, Dennis JM, Fairbank JA, Kulka RA. Psychological reactions to ter-
rorist attacks: findings from the National Study of Americans’ Reactions to 
September 11. JAMA. 2002;288:581–588.
 3. Lowell A, Suarez-Jimenez B, Helpman L, Zhu X, Durosky A, Hilburn A, 
Schneier F, Gross R, Neria Y. 9/11-related PTSD among highly exposed 
populations: a systematic review 15 years after the attack. Psychol Med. 
2018;48:537–553.
 4. Koenen KC, Sumner JA, Gilsanz P, Glymour MM, Ratanatharathorn 
A, Rimm EB, Roberts AL, Winning A, Kubzansky LD. Post-traumatic 
stress disorder and cardiometabolic disease: improving causal infer-
ence to inform practice. Psychol Med. 2017;47:209–225. doi: 10.1017/ 
S0033291716002294.
 5. Edmondson D, von Känel R. Post-traumatic stress disorder and cardio-
vascular disease. Lancet Psychiatry. 2017;4:320–329. doi: 10.1016/ 
S2215-0366(16)30377-7.
 6. Kubzansky LD, Koenen KC, Spiro A III, Vokonas PS, Sparrow D. Prospec-
tive study of posttraumatic stress disorder symptoms and coronary heart 
disease in the Normative Aging Study. Arch Gen Psychiatry. 2007;64:109–
116. doi: 10.1001/archpsyc.64.1.109.
 7. Kubzansky LD, Koenen KC, Jones C, Eaton WW. A prospective study of post-
traumatic stress disorder symptoms and coronary heart disease in women. 
Health Psychol. 2009;28:125–130. doi: 10.1037/0278-6133.28.1.125.
 8. Scherrer JF, Chrusciel T, Zeringue A, Garfield LD, Hauptman PJ, Lustman PJ, 
Freedland KE, Carney RM, Bucholz KK, Owen R, True WR. Anxiety disor-
ders increase risk for incident myocardial infarction in depressed and non-
depressed Veterans Administration patients. Am Heart J. 2010;159:772–
779. doi: 10.1016/j.ahj.2010.02.033.
 9. Boscarino JA. A prospective study of PTSD and early-age heart disease 
mortality among Vietnam veterans: implications for surveillance and 
prevention. Psychosom Med. 2008;70:668–676. doi: 10.1097/PSY. 
0b013e31817bccaf.
 10. Sumner JA, Kubzansky LD, Elkind MS, Roberts AL, Agnew-Blais J, Chen 
Q, Cerdá M, Rexrode KM, Rich-Edwards JW, Spiegelman D, Suglia SF, 
Rimm EB, Koenen KC. Trauma exposure and posttraumatic stress disorder 
symptoms predict onset of cardiovascular events in women. Circulation. 
2015;132:251–259. doi: 10.1161/CIRCULATIONAHA.114.014492.
 11. Jordan HT, Miller-Archie SA, Cone JE, Morabia A, Stellman SD. Heart 
disease among adults exposed to the September 11, 2001 World Trade 
Center disaster: results from the World Trade Center Health Registry. Prev 
Med. 2011;53:370–376. doi: 10.1016/j.ypmed.2011.10.014.
 12. Jordan HT, Stellman SD, Morabia A, Miller-Archie SA, Alper H, Las-
karis Z, Brackbill RM, Cone JE. Cardiovascular disease hospitaliza-
tions in relation to exposure to the September 11, 2001 World Trade 
Center disaster and posttraumatic stress disorder. J Am Heart Assoc. 
2013;2:e000431.
 13. Savitz DA, Oxman RT, Metzger KB, Wallenstein S, Stein D, Moline JM, 
Herbert R. Epidemiologic research on man-made disasters: strategies 
and implications of cohort definition for World Trade Center worker and 
volunteer surveillance program. Mt Sinai J Med. 2008;75:77–87. doi: 
10.1002/msj.20023.
 14. Herbert R, Moline J, Skloot G, Metzger K, Baron S, Luft B, Markowitz S, 
Udasin I, Harrison D, Stein D, Todd A, Enright P, Stellman JM, Landrigan PJ, 
Levin SM. The World Trade Center disaster and the health of workers: five-
year assessment of a unique medical screening program. Environ Health 
Perspect. 2006;114:1853–1858.
 15. Blanchard EB, Jones-Alexander J, Buckley TC, Forneris CA. Psychomet-
ric properties of the PTSD Checklist (PCL). Behav Res Ther. 1996;34: 
669–673.
 16. Anonymous. National Center for PTSD. Using the PTSD Checklist (PCL). 
2012.
 17. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depres-
sion severity measure. J Gen Intern Med. 2001;16:606–613.
 18. Woskie SR, Kim H, Freund A, Stevenson L, Park BY, Baron S, Herbert R, 
de Hernández MS, Teitelbaum S, de la Hoz RE, Wisnivesky JP, Landrigan P. 
World Trade Center disaster: assessment of responder occupations, work 
locations, and job tasks. Am J Ind Med. 2011;54:681–695.
 19. Firth D. Bias reduction of maximum likelihood estimates. Biometrika. 
1993;80:27–38.
 20. Crum-Cianflone NF, Bagnell ME, Schaller E, Boyko EJ, Smith B, Maynard C, 
Ulmer CS, Vernalis M, Smith TC. Impact of combat deployment and post-









Awaleen June 1, 2018 5:37 PM 4 Color Fig(s): F1,3-4 Art:HCQ004572
Remch et al; PTSD and Cardiovascular Diseases in Men and Women
Circ Cardiovasc Qual Outcomes. 2018;11:e004572. DOI: 10.1161/CIRCOUTCOMES.117.004572 June 2018 11
US active duty and reserve forces. Circulation. 2014;129:1813–1820. doi: 
10.1161/CIRCULATIONAHA.113.005407.
 21. Lampert R. Veterans of combat: still at risk when the battle is over. Circulation. 
2014;129:1797–1798. doi: 10.1161/CIRCULATIONAHA.114.009286.
 22. Vaccarino V, Bremner JD. Behavioral, emotional and neurobiological 
determinants of coronary heart disease risk in women. Neurosci Biobehav 
Rev. 2017;74(pt B):297–309. doi: 10.1016/j.neubiorev.2016.04.023.
 23. Forbes D, Lockwood E, Elhai JD, Creamer M, O’Donnell M, Bryant R, 
McFarlane A, Silove D. An examination of the structure of posttraumatic 
stress disorder in relation to the anxiety and depressive disorders. J Affect 
Disord. 2011;132:165–172. doi: 10.1016/j.jad.2011.02.011.
 24. Zoellner LA, Pruitt LD, Farach FJ, Jun JJ. Understanding heterogeneity in 
PTSD: fear, dysphoria, and distress. Depress Anxiety. 2014;31:97–106. 
doi: 10.1002/da.22133.
 25. Foa EB, Kozak MJ. Emotional processing of fear: exposure to corrective 
information. Psychol Bull. 1986;99:20–35.
 26. Baker DG, Nievergelt CM, O’Connor DT. Biomarkers of PTSD: neuropep-
tides and immune signaling. Neuropharmacology. 2012;62:663–673. doi: 
10.1016/j.neuropharm.2011.02.027.
 27. Daskalakis NP, Cohen H, Nievergelt CM, Baker DG, Buxbaum JD, Russo SJ, 
Yehuda R. New translational perspectives for blood-based biomarkers of 
PTSD: from glucocorticoid to immune mediators of stress susceptibility. Exp 
Neurol. 2016;284(pt B):133–140. doi: 10.1016/j.expneurol.2016.07.024.
 28. Yehuda R, Neylan TC, Flory JD, McFarlane AC. The use of biomark-
ers in the military: from theory to practice. Psychoneuroendocrinology. 
2013;38:1912–1922. doi: 10.1016/j.psyneuen.2013.06.009.
 29. Coughlin SS. Post-traumatic stress disorder and cardiovascular disease. Open 
Cardiovasc Med J. 2011;5:164–170. doi: 10.2174/1874192401105010164.
 30. Rozanski A, Blumenthal JA, Kaplan J. Impact of psychological factors on 
the pathogenesis of cardiovascular disease and implications for therapy. 
Circulation. 1999;99:2192–2217.
 31. Dobie DJ, Kivlahan DR, Maynard C, Bush KR, Davis TM, Bradley KA. 
Posttraumatic stress disorder in female veterans: association with self-
reported health problems and functional impairment. Arch Intern Med. 
2004;164:394–400. doi: 10.1001/archinte.164.4.394.
 32. Spitzer C, Barnow S, Völzke H, John U, Freyberger HJ, Grabe HJ. Trau-
ma, posttraumatic stress disorder, and physical illness: findings from 
the general population. Psychosom Med. 2009;71:1012–1017. doi: 
10.1097/PSY.0b013e3181bc76b5.
 33. Charlson FJ, Stapelberg NJ, Baxter AJ, Whiteford HA. Should global bur-
den of disease estimates include depression as a risk factor for coronary 
heart disease? BMC Med. 2011;9:47. doi: 10.1186/1741-7015-9-47.
 34. Tawakol A, Ishai A, Takx RA, Figueroa AL, Ali A, Kaiser Y, Truong QA, 
Solomon CJ, Calcagno C, Mani V, Tang CY, Mulder WJ, Murrough 
JW, Hoffmann U, Nahrendorf M, Shin LM, Fayad ZA, Pitman RK. Rela-
tion between resting amygdalar activity and cardiovascular events: 
a longitudinal and cohort study. Lancet. 2017;389:834–845. doi: 
10.1016/S0140-6736(16)31714-7.
 35. Gray GA, White CI, Castellan RF, McSweeney SJ, Chapman KE. Get-
ting to the heart of intracellular glucocorticoid regeneration: 11β-HSD1 
in the myocardium. J Mol Endocrinol. 2017;58:R1–R13. doi: 10.1530/ 
JME-16-0128.
 36. Ross DA, Arbuckle MR, Travis MJ, Dwyer JB, van Schalkwyk GI, Ressler 
KJ. An integrated neuroscience perspective on formulation and treatment 
planning for posttraumatic stress disorder: an educational review. JAMA 
Psychiatry. 2017;74:407–415. doi: 10.1001/jamapsychiatry.2016.3325.
 37. Lewis TT. Trauma and posttraumatic stress disorder: emerging risk factors 
for cardiovascular disease in women? Circulation. 2015;132:227–229. 
doi: 10.1161/CIRCULATIONAHA.115.017432.
 38. Wisnivesky JP, Teitelbaum SL, Todd AC, Boffetta P, Crane M, Crowley 
L, de la Hoz RE, Dellenbaugh C, Harrison D, Herbert R, Kim H, Jeon Y, 
Kaplan J, Katz C, Levin S, Luft B, Markowitz S, Moline JM, Ozbay F, Pi-
etrzak RH, Shapiro M, Sharma V, Skloot G, Southwick S, Stevenson LA, 
Udasin I, Wallenstein S, Landrigan PJ. Persistence of multiple illnesses in 
World Trade Center rescue and recovery workers: a cohort study. Lancet. 
2011;378:888–897. doi: 10.1016/S0140-6736(11)61180-X.
